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Materials and Methods

Selection of Xenobiotics
Xenobiotics were selected based on published data that they had endocrine-disrupting, estrogenic, or antiandrogenic effects or that they bind to estrogen or androgen receptors (1, 6, 19, 25 (26) or sucrose gradient ultracentrifugation (26) . The charcoal assay was performed by adding 0.5 ml of a dextran (0.05%)-coated charcoal (0.5%) suspension in TP to each sample tube. The tubes were then agitated on a vortex mixer for 6 sec and then either centrifuged immediately for 5 min at 1,500g (ABP and SHBG samples) or incubated on ice for 10 min and then centrifuged (receptor samples). The difference in postcharcoal incubation time is to take into account the rapid dissociation of ligand from ABP and SHBG (27) and its slower dissociation from the receptors (26) . After centrifugation, the supernatants were decanted into scintillation vials and the radioactivity in the samples was counted. Sucrose gradient analysis. For sucrose gradient analysis, samples were incubated as described above and extracted with pellets from 1 ml of charcoal suspension (28), and 300 gl aliquots of each sample were applied to low ionic strength (0.01 M KCI) 5-20% sucrose gradients and processed as previously described (28) .
Competition studies. Samples (androgen and estrogen receptors, ABP, SHBG) were incubated with a saturating concentration of [3H]physiological ligand (7 nM) and increasing concentrations of unlabeled physiological ligand or xenobiotic competitor. After incubation at 4°C overnight (receptors) or for 4 hr (ABP and SHBG), the amount of bound radioactivity was determined using the charcoal assay procedure. The data were plotted as percentage of control (specific binding in the absence of competitor) versus the log of the competitor concentration. The concentration of competitor that inhibited specific binding by 50% is the IC50. To determine the relative binding affinity (RBA) of the xenobiotics as compared to the physiological ligand, the IC50 for the physiological ligand was divided by the IC50 of the xenobiotic and the dividend was multiplied by 100.
Determination of dissociation halftime. Samples were incubated with 7 nM [3H]physiological ligand alone or with a 100-fold molar excess of unlabeled physiological ligand (to determine nonspecific binding) at 40C overnight (receptors) or for 4-6 hr (ABP, SHBG). At the conclusion of the incubation, unlabeled physiological ligand (35 9M) or xenobiotic (100 ,uM) was added to each sample. At various times after these additions, the amount of bound radioactivity was determined using the charcoal assay procedure. The data were plotted as specific radioactivity bound as a percentage of control versus time. A regression line was fitted to the points and the dissociation half-time (t1l2) was calculated as previously described (27) .
Statistical Analysis
The data were analyzed by one-way analysis of variance followed by Duncan's multiple-Articles * Danzo range test (29) . Results were considered significant when p<0.05. The data are presented as the mean and the standard error of the mean.
Results
Studies on the Estrogen Receptor
To screen xenobiotics for possible interaction with the estrogen receptor, we determined their ability to inhibit 7 nM
[3H] 17f-estradiol binding to the estrogen receptor present in uterine cytosol using the charcoal assay procedure. Figure 1 (27) to be about 40 hr, which is in agreement with literature values (26) .
Pentachlorophenol (100 jiM) resulted in a dissociation rate that was indistinguishable from that caused by estradiol (Table 1) . When 100 jiM nonylphenol was used, dissociation of estradiol from its receptor was more rapid (t112 approx 7 hr; Table 1 ).
Studies on the Androgen Receptor
In contrast to the minor effects of most of the xenobiotics tested in inhibiting estradiol binding to its receptor (Fig. 1) , many xenobiotics inhibited [3H]5a-DHT binding to prostate cytosol to a statistically significant extent (Fig. 3) . (Fig. 4A) . This peak, which represents the androgen receptor, was proceeded by exponentially decreasing amounts of radioactivity representing unbound ligand that was not removed by the charcoal extraction procedure. The 8-10 S (Fig. 5) . The most effective xenobiotic inhibitor was the 6-isomer of hexachlorocyclohexane, which caused a 70% decrease in bound [3H]5ac-DHT. In contrast, the inhibition caused by the y-isomer of hexachlorocyclohexane did not reach statistical significance. Methoxychlor, p,p'-DDT, and atrazine all reduced [3H]5a-DHT binding to ABP by 40-50% (Fig. 5) (Fig. 7) .
When the binding of [3H]5a-DHT to serum components was examined by sucrose gradient ultracentrifugation, label was bound to a moiety sedimenting at 4.6 S, which is the appropriate sedimentation coefficient for SHBG (33) . As expected, unlabeled 5a-DHT and nonylphenol inhibited [3H]5a-DHT binding to SHBG, whereas atrazine did not (Fig. 8) .
When dissociation studies were conducted, the addition of unlabeled 5a-DHT to SHBG samples that had been equilibrated with [3H]5a-DHT resulted in a t 1/2 of dissociation of label of approximately 85 min, a t1/2 similar to literature values (27) .
Nonylphenol resulted in a similar dissociation half-time, but pentachlorophenol resulted in a more rapid dissociation rate (t 1/2 approx 5 min). Methoxychlor, which had no effect on steroid binding to hSHBG, did not tors. As indicated in Table 2 (23) should reinforce the concept that environmental xenobiotics, though present at low concentrations, may pose a threat to human health.
